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The centrosome plays an important role in
regulating cell cycle progression during interphase
and mitosis, but the underlying mechanisms of
regulation are unclear. A recent study, which has
identified a rare centriolar polypeptide, may provide
part of the answer.
The key to a successful division of a eukaryotic cell
is the assembly of a bipolar mitotic spindle: this
allows all chromosomes to attach their kinetochores
to opposite poles, and segregate quickly and equally
into the two daughter cells. The bipolar spindle axis
is ultimately determined by the duplication of the
centrosome, an organelle that consists of a pair of
centrioles — mother and daughter — surrounded by
a matrix of pericentriolar material (reviewed in [1]). If
the centrosome duplicates more than once per cell
cycle, the possibility that the cell will assemble a
multipolar spindle and become aneuploid increases
(reviewed in [2]). While the major function of the cen-
trosome is to organize interphase microtubules, this
network will self-organize in the absence of centro-
somes [3]. Interestingly, in the absence of centro-
somes, the cell will also assemble a bipolar mitotic
spindle, induced in the region of the chromosomes
(reviewed in [4]). While such findings have challenged
the importance of the centrosome, the centrosome
still appears to be the dominant microtubule-
organizing center and spindle pole when present in a
cell (discussed in [5]).
In addition to its role as microtubule-organizing
center and spindle pole organizer, the centrosome is
also required for the completion of cytokinesis, and
cell-cycle progression in interphase [6–8]. Removal of
the centrosome, either by laser ablation [6] or micro-
surgery [7], does not prevent the cell from forming a
bipolar spindle, but these cells — termed karyoplasts
— exhibit defects in cytokinesis and cannot progress
to the next S phase. Furthermore, mitosis in BSC-1
karyoplasts is significantly delayed compared to con-
trols [7], with timing defects observed before and after
anaphase onset, suggesting that the presence of a
centrosome and/or astral microtubules is necessary to
ensure timely mitotic progression.
The results of these studies have revealed a role for
the centrosome in cell cycle regulation, but not the
molecular mechanisms underlying these functions. A
recent paper from Steve Doxsey’s lab [9] may have
uncovered part of the answer. Doxsey’s group used
autoimuune antibodies from human patients suffering
from scleroderma to screen a human cDNA library for
centrosome components. The screen identified a
novel ~270 kDa polypeptide, termed centriolin, which
associates with centrioles [9]. Centriolin shows
sequence similarity to several previously identified
proteins, including two regions of homology with the
centrosomal ‘transforming acidic coiled-coil’ proteins
(TACCs), the centrosomal protein CEP110 [10], and a
region near the amino-terminus with homology to
Cdc11p and Nud1p. These last two are components
of the spindle pole body — the budding and fission
yeast equivalent of the centrosome — which serve to
anchor components of a GTPase signaling pathway
referred to as the ‘mitotic exit network’ (MEN) or ‘sep-
tation initiation network’ (SIN) [11,12]. The activities of
the MEN/SIN pathways are crucial for proper exit from
mitosis and the completion of cytokinesis, and also
the cellular response to the misalignment of the
mitotic spindle (reviewed in [13]).
Immunolocalization studies showed that centriolin
associates specifically with the older or mother
centriole in the initial pair: when the centrosome
duplicates, one contains centriolin (from the mother
centriole), while the other centrosome, which contains
the younger of the two initial centrioles, does not.
Once the cell cycle proceeds from G2 into mitosis, the
immature centrosome accumulates centriolin onto its
older centriole, coincident with centriole maturation
(see [14]). Doxsey and colleagues [9] confirmed that
centriolin is localized to the mother centriole by driving
cells into G0, which induces the cells to assemble a
primary cilium using the older of the centrioles as a
template [15]: this centriole accumulated centriolin,
the other did not.
What is particularly fascinating about centriolin is
that, when its expression was knocked down using
short interfering (si)RNAs, the treated cells were found
to have defects in the completion of cytokinesis [9].
Centriolin-deficient cells proceeded through mitosis
with normal timing and initiated a bipolar cleavage; 
in most cases, however, these cells could not com-
plete cytokinesis. The two daughter cells remained
connected by a thin cytoplasmic bridge or process.
Sometimes the connected cells underwent a subse-
quent cell cycle and initiated cleavage again, yielding
multiple cells connected by bridges (Figure 1). In these
mitotic cells, centriolin was often localized to the mid-
body region. At later times, cells lacking centriolin
exited mitosis and then arrested prior to the onset of
S phase, suggesting that this protein is also involved
in regulating interphase cell-cycle progression. So
centriolin, at either the centriole or the mid-body, is
required for terminal events of cytokinesis to occur,
and it may play a role in driving the cell through the
early stages of interphase.
How could centriolin be influencing the completion
of cytokinesis? The answer may be found in its
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sequence. The Nud1 domain of centriolin is similar in
sequence to parts of Nud1p and Cdc11p, both
involved in the spindle position checkpoint mediated
by the MEN/SIN pathways. In yeast the spindle posi-
tion checkpoint monitors the placement of the spindle
within the cell [12]. Improper positioning leads to
mitotic delay, preventing cytokinesis [13]. The critical
event down-regulated by the checkpoint is the
activation of Cdc14 phosphatase: if the spindle is mis-
aligned, Cdc14p remains inactive and mitotic exit is
blocked (reviewed in [13]). In yeast, Cdc14p is
sequestered and inactive in the nucleolus until the
spindle is properly positioned in the cell, then it
becomes released in response to the MEN/SIN
GTPase signaling pathway. Once activated, Cdc14p
moves from the nucleolus to the cytoplasm, where it
dephosphorylates key targets important for driving
late mitotic events and cytokinesis. A critical facet of
the MEN/SIN pathways is that, at least in yeast,
mitotic exit and cytokinesis responds to spatial cues
mediated by the spindle and its poles [11–13].
Whether or not mammalian cells have a spindle
position checkpoint remains unclear. Mis-positioning
of the spindle with a microneedle can induce mitotic
delay [16], suggesting a conservation of position-
dependent mitotic exit network function in metazoan
species (see [6]). In addition, several of the key com-
ponents of the MEN/SIN pathways are conserved
from yeast to human, in particular the Cdc14 phos-
phatase. An important consideration is that Cdc14
localizes to the centrosome during interphase and
mitosis in mammalian cells, and mis-regulation of
Cdc14A was found to cause mistakes in chromosome
segregation and cytokinesis [17]. Given these findings,
it will be of interest to determine how centriolin
responds to spindle positional cues and whether it
contributes to a putative spindle position checkpoint
in mammalian cells.
Is the mis-regulation of mitotic exit and cytokinesis
— observed in acentrosomal mitosis — due exclu-
sively to the loss of MEN/SIN components, such as
centriolin, when the centrosome is removed? Proba-
bly not. It is important to remember that centrosomes
also provide the normal three-dimensional architec-
ture of the pole, via their ability to nucleate the astral
microtubules. The astral microtubules perform several
key functions in the spindle: they undergo ‘search and
capture’ to attach kinetochores and align them at the
spindle equator; they interact with the cortex to posi-
tion the spindle within the cell; and they provide the
polar forces that eject mono-oriented chromosomes
away from the spindle pole [18,19]. Because acentro-
somal spindles are not thought to have extensive
astral microtubule arrays, the loss of astral functions
must be a contributing factor in the mitotic/cytokinetic
defects observed in acentrosomal mitosis. Finally, it is
not clear how the acentrosomal spindle architecture,
which assembles ‘inside-out’ via microtubule bundles
and motors moving from the chromosomes to the
poles, is able to assemble a proper spindle mid-zone,
crucial for the completion of cytokinesis (Figure 2; dis-
cussed in [20]).
Our understanding of how the centrosome regulates
mitosis is still in its early stages of development.
Whether the centrosome functions in a structural role,
a signaling role, or both remains to be elucidated. The
continued identification of new centrosome compo-
nents, such as centriolin, will be critical for furthering
our understanding of this fascinating organelle and
how it influences cell division.
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Figure 1. Schematic drawing of mitosis
and cytokinesis in control and centriolin-
silenced cells. 
(A) A normal mitotic cell assembles a
bipolar spindle, undergoes anaphase and
cleaves into two daughters. (B) A centri-
olin-deficient cell assembles a bipolar
spindle and undergoes anaphase with
normal timing. As the chromosomes
migrate towards the poles, cleavage is
inhibited, leaving the two daughters con-
nected by a thin cytoplasmic bridge. Such
cells arrest in M phase. Alternatively, one
or more of the connected daughter cells
will undergo a subsequent cell cycle,
proceed through M-phase and fail cleav-
age. The result is multiple cells, arrested in
cytokinesis  and connected by cytoplas-
mic bridges (referred to as a syncytium).
A Control
Anaphase Cytokinesis is complete
B Centriolin - silenced
Anaphase
No mitotic exit
OR
Cycling but no cleavage
+
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Figure 2. Spindle alignment and midzone
microtubule formation in normal and
acentrosomal cells. 
(A) In a normal cell, the bipolar spindle is
positioned within the cell by the astral
microtubules emanating from each pole
that interact with the cell's cortex. As the
cell undergoes anaphase (arrow), the
region between the segregating sister
chromatids becomes populated by the
overlapping microtubules of the midzone,
which are required for the completion of
cytokinesis. (B) In an acentrosomal cell
(karyoplast), a bipolar spindle assembles
in the absence of centrosomes via
bundling of microtubules in the region of
the chromosomes. The acentrosomal
spindle lacks astral microtubules, which
may lead to an inability to become prop-
erly positioned due to loss of connection
with the cortex. When this cell undergoes
anaphase, there may be defects in mitotic
exit, due to the lack of MEN/SIN compo-
nents — such as centriolin — at the poles.
In addition, the lack of asters may cause
the spindle midzone to form either
improperly, or not at all.
A Control mitosis
Midzone microtubules
B Karyoplast (acentrosomal) mitosis
Lack of centriolin (?)
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